Introduction
Silver nanoparticles (AgNPs) are widely used among other nanoparticles in many industries within a wide range of consumer products because of their antibacterial and biocidal properties (Thuesombat et al., 2014) . In recent years, the significant increase in the consumption of nanoparticles has caused environmental, health, and safety concerns regarding their potential effects (Ma et al., 2010; Pokhrel and Dubey, 2013) . Nanoparticles could uncertainly spread to the environment. However, the interaction between AgNPs and plant systems is still not well known (Patlolla et al., 2012; Song et al., 2013) .
AgNPs are known to be absorbed by plants and could interact with intracellular parts causing water imbalances, cell damage, and decreases in photosynthesis (Kumari et al., 2009; Qian et al., 2013) . They are also reported to have genotoxic effects on plant cells, inducing chromosomal aberrations and micronucleus induction (Patlolla et al., 2012) . However, the impacts of nanoparticles on plants can vary according to the nanoparticle concentration, size, chemical properties, and plant species (Ma et al., 2010; Thuesombat et al., 2014) .
Nanotoxicity could lead to oxidative stress and previous studies indicate that AgNPs could induce toxicity due to their effect on reactive oxygen species (ROS) formation (Qian et al., 2013; McShan et al., 2014) . The imbalance of ROS production and antioxidant activity can cause oxidative damage, and plants cope with this oxidative damage by their antioxidant defense mechanism (Saed-Moucheshi et al., 2014) . Previously, studies on the genotoxicity of nanoparticles have used cell viability, chromosome aberration, or micronucleus assays to identify the genotoxic effect, and comet analysis for detecting the DNA damage in different plant species (Kumari et al., 2009; Kumari et al., 2011; Patlolla et al., 2012; Ghosh et al., 2012) . However, these methods are very restricted for identifying the genotoxic effects of nanoparticles at the DNA level. DNA-based techniques are sensitive and selective assays that help to determine the genotoxic effects of environmental pollutants on DNA. One of these methods used for these aims is the intersimple sequence repeat (ISSR)-PCR assay. ISSR-PCR uses as primer microsatellite repeats (Zietkiewicz et al., 1994) . The ISSR-PCR method is more sensitive than the random amplified polymorphic DNA assay (RAPD) (Correia et al., 2014; Bajpai et al., 2015) , because of the exhibiting specificity of the sequence-tagged-site markers and high ratio of reproducibility potential owing to the use of longer primers (16-25 bp).
The potential effects of AgNPs on plants, especially on edible crop plants, should be evaluated before their widespread application (Kumari et al., 2009; Lee et al., 2012; Qian et al., 2013) . Solanum lycopersicum L. is an important edible plant around the world; hence the aim of our study was to examine the effects of AgNPs (<100 nm) on DNA damage, genomic template stability, the antioxidant defense system, and lipid peroxidation in tomato plants.
Materials and methods

Growth conditions and stress treatment
The seeds of Solanum lycopersicum L. cv. H-2274 were obtained from the Anatolia Agricultural Research Institute in Eskişehir, Turkey. Seeds of tomato plants were surface sterilized with 0.5% sodium hypochlorite solution for 5 min, and washed thoroughly with sterile water, and then they were transferred to individual pots filled with perlite. They were grown in the growth chamber under controlled conditions (16 h/8 h light/dark photoperiod at 26 °C/22 °C, photosynthetic photon flux density of 350 µmol m −2 s −1
and a relative humidity of 60%-70%). The seedlings were watered regularly with ½ Hoagland solution (Hoagland and Arnon, 1950) . After 2 months the plants were exposed to 0, 10, 20, 40, 80 mg/L AgNPs within Hoagland solution (Sigma-H2395) for 2 weeks. The concentration of AgNPs was decided according to Panda et al. (2011) . AgNPs were purchased from Sigma-Aldrich No. 576832 ). According to the manufacturer's specifications, the particle size was below 100 nm with a thermal resistance of 1.59 Wm/cm at 20 °C with a surface area of 5.0 m 2 /g. Scanning electron microscope (SEM) images of AgNPs are shown as supplementary materials ( Figure S1 ). The images were obtained by using the Fei Quanta FEG 250 SEM instrument located at Aksaray University. The experiment was performed as a randomized block design. Leaf samples were taken from the second well-developed leaves of individual plants per treatment from each individual pot, and three replications were used for each analysis. The leaves (0.2 g, 0.5 g) were frozen in liquid nitrogen and then stored at -80 °C until analyses. All of the spectrophotometric analyses were conducted on a Thermo Scientific Genesys 10s UV-VIS spectrophotometer.
Relative water content (RWC)
The RWC of leaves was determined according to Barrs and Weatherley (1962) . It was defined by the following formula:
RWC (%) = [(FW -DW)/(TW -DW)] × 100, where FW is initial fresh weight, TW is turgid fresh weight, and DW is dry weight.
Total chlorophyll content
Total chlorophyll content was assayed according to (Zhang et al., 2013) Arnon (1949 ] × V/1000 × W, where V = volume of the extract (mL); W = Weight of fresh leaves (g) (Porra, 2002) .
Enzyme extractions and assays
First 0.5-g leaf samples were homogenized (Heidolph 12 F) in 50 mM sodium phosphate buffer (pH 7.8, 2% (w/v) polyvinylpyrrolidone (PVP) and 1 mM EDTA), and then centrifuged at 12,000 × g for 10 min at 4 °C. Supernatants of the homogenates were used for enzyme activity and protein content assays. BSA was used as a standard for the assay of total protein contents (Bradford, 1976) .
Superoxide dismutase (SOD; EC 1.15.1.1) activity was measured spectrophotometrically according to Beyer and Fridowich (1987) . Enzyme extracts were incubated at 25 °C under light for 10 min in a 50 mM Na phosphate buffer (pH 7.8) containing 33 µM NBT, 10 mM L-methionine, 0.66 mM EDTA, and 0.0033 mM riboflavin. The activity was determined at 560 nm. One unit of SOD activity was expressed as the quantity that causes 50% inhibition of the photochemical reduction of NBT.
APX activity (APX; EC 1.11.1.11) was performed according to Nakano and Asada (1981) . APX activity was analyzed in a reaction mixture containing 50 mM Naphosphate buffer (pH 7.0), 0.5 mM ascorbate, 0.1 mM EDTANa 2 , and 1.2 mM H 2 O 2 . The reaction was started following the addition of H 2 O 2 . The oxidation rate of ascorbic acid was determined by measuring the decrease in absorbance at 290 nm. The concentration of oxidized ascorbate was calculated by using an extinction coefficient of 2.8 mM -1 cm -1 . Catalase (CAT; EC 1.11.1.6) activity was measured according to Bergmeyer (1970) . The activity was assayed in the reaction mixture containing 0.05 M Na phosphate buffer (pH 7, 0.1 mM EDTA) and 3% H 2 O 2 . The disappearance of H 2 O 2 was measured at 240 nm. One unit of CAT activity was defined as 1 µmol H 2 O 2 destroyed per minute.
Glutathione reductase (GR, EC 1.6.4.2) activity was assayed by following the oxidation of NADPH 2 (Carlberg and Mannervik, 1985) . The reaction mixture contained 0.1 M potassium phosphate buffer (pH 7), 20 mM GSSG, 2 mM NADPH 2 (dissolved in Tris-HCl buffer, pH 7), and enzyme extract. The reaction was initiated by the addition of GSSG, and NADPH oxidation was detected spectrophotometrically at 340 nm.
Lipid peroxidation
Lipid peroxidation was performed by analyzing MDA content (Karabal et al., 2003) . First 0.2 g of leaf samples were homogenized in 1 mL of 5% trichloroacetic acid solution (TCA) and then centrifuged at 12,000 rpm for 15 min. Supernatant of the leaf extract and 0.5% thiobarbituric acid (TBA) (dissolved in 20% TCA solution) were mixed and incubated at 96 °C for 25 min. After the tubes were cooled in an ice bath, they were centrifuged at 10,000 rpm for 5 min. The supernatant was then measured at 532 and 600 nm. MDA content was calculated by using the extinction coefficient (155 mM -1 cm -1
). 2.6. DNA isolation Total DNA was isolated from S. lycopersicum roots by micropreparation (Fulton et al., 1995) . After DNA isolation, DNA yield and quality were quantified with a nanodrop spectrophotometer (BioSpec-nano, Japan) and visualized on 1% agarose gel.
ISSR PCR protocol
Amplification of the genomic DNA for ISSR PCR was performed in a 25-µL reaction mixture (25 ng of genomic DNA, 2.5 µL of 10X Taq buffer, Thermo, 1 µL of 25 mM MgCl 2 , 0.5 µL of primer, 2 µL of 1.25 mM dNTP, 0.25 µL of Taq polymerase). Next 15 different ISSR primers were used for ISSR-PCR (Table 1) . Amplification was assayed in a Biorad T100 Thermal Cycler as 1 cycle at 94 °C for 2 min and 40 cycles at 94 °C for 30 s, annealing at 47-52 °C for 45 s, and extension at 72 °C for 45 s. A final extension step was performed for 20 min. The sequence and annealing temperature of each primer are shown in Table 1 .
For visualizing the PCR product, 12 µL of each sample was electrophoresed on agarose gel (1.5%) in TBE buffer at 80 V for 1.5 h. Ethidium bromide was used for staining the gel and it was photographed by Gel Logic 212 Pro Gel documentation systems. 2.8. Genomic template analysis ISSR profiles were expressed as +1 arbitrary score. The average of each experimental group of AgNPs was given. GST (%) was calculated as follows: GST = 100 -(100a/n) a means the average number of the differences in DNA profiles; n means the number of bands that were selected through control profiles of DNA (Unal and Silah, 2013) .
Statistical analysis
The effect of AgNPs was determined by one-way analysis of variance (ANOVA) using SPSS 17.0. The means of the treatments were compared by least significant difference (LSD) test (P < 0.05). The spread of values is shown in the figures as standard errors of the means.
Results
The highest RWC was found in the control plants, whereas the lowest RWC was detected in 20 mg/L AgNPs-treated plants, 6.81% lower than that of the control plants. However, we did not find any remarkable difference between the AgNP applications ( Figure 1 ).
As shown in Figure 2 , total chlorophyll content was decreased by 80 mg/L AgNPs (69.41%), 40 mg/L AgNPs (20.89%), 20 mg/L AgNPs (3.16%), and 10 mg/L AgNPs (9.88%) treatments when compared to the control plants (P < 0.05).
The activities of SOD, CAT, APX, and GR are shown in Figures 3-6 . SOD activity was increased in 10 (30.74%) and 20 (4.58%) mg/L AgNPs applications as compared to the control plants (Figure 3 ). The highest SOD activity was found in the 10 mg/L AgNPs treatment. However, SOD activity was decreased in the 40 (8.21%) and 80 (16.45%) mg/L AgNPs treatments when compared to the control plants. Similar to SOD activity, the highest APX activity was found in the 10 mg/L AgNPs treatment. APX activity was increased in the 10 mg/L AgNPs (34.66%) and 20 mg/L AgNPs (7.77%) applications; however, the 40 (8.89%) and 80 mg/L AgNPs (24.79%) treatments decreased APX activity when compared to the control plants (Figure 4) .
The highest CAT activity was found in the control plants ( Figure 5 ). The 10 (12.27%), 20 (23.44%), 40 (19.18%), and 80 mg/L AgNPs (33.48%) treatments decreased CAT activity, when compared to the control plants.
As shown in Figure 6 , the highest GR activity was found in the 40 mg/L AgNPs application (68.69%). Moreover, the 10 (12.76%), 20 (21.46%), and 80 mg/L AgNPs (6.45%) caused an increase in GR activity as compared to the control plants (P < 0.05).
Lipid peroxidation was demonstrated as MDA content. The lowest MDA content was found in the control plants. We found a significant increase in MDA content under the 20 (80.47%), 40 (72.82%), and 80 mg/L AgNPs (79.62%) treatments (P < 0.05; Figure 7 ).
Ten ISSR primers indicated polymorphic bands. In our study, a total of 186 bands were detected in the presence and absence of AgNPs. Table 2 explains the differences observed in ISSR profiles as appearance/disappearance in bands and decrease/increase of band densities ( Figure S2 ). The highest number of band appearance/disappearance was detected in samples treated with 80 mg/L AgNPs within all of the ten primers used.
According to the ISSR assay, the difference in GTS between the control and 10 mg/L AgNPs treatment was 67.45%. The lowest value of GTS (18.61%) was also observed in the roots of S. lycopersicum treated with 80 mg/L AgNPs. As shown in Table 3 , GTS value was reduced by the increase in AgNPs concentration.
Discussion
Previous reports indicate that AgNPs could have adverse physiological effects in different plants. The increase in the concentration of AgNPs could cause a reduction in growth in different plants according to AgNPs penetration and transport to the plant tissues (Qian et al., 2013; Thuesombat et al., 2014; Vannini et al., 2014; Nair and Chung, 2015) . However, in a previous report (Sharma et al., 2012) , it was declared that AgNPs could enhance growth by modulating the antioxidant status in Brassica juncea. Therefore, the effects of nanoparticles should be well evaluated before their widespread application.
Relative water content (RWC) was analyzed to understand the impact of AgNPs on water status in the leaves of tomato plants. Previously, it was mentioned that L. esculentum is sensitive to AgNPs treatments (Ravindran et al., 2012) . According to our RWC results, AgNPs did not affect significantly the water status of S. lycopersicum. We also analyzed total chlorophyll content to evaluate nanotoxicity. Previous studies demonstrated that AgNPs decreased total chlorophyll content in Arabidopsis thaliana (Qian et al., 2013) , Lycopersicon esculentum (Song et al., 2013) , Oryza sativa (Nair and Chung, 2014a) , and Vigna radiata (Nair and Chung, 2015) . These studies are parallel to our study; we found a remarkable decrease in total ISSR807  6  0  2  0  2  2  2  0  1  1  3  1  0  3  3  0  3   ISSR880  5  1  0  0  1  1  0  0  2  0  1  2  1  4  1  0  1   Total bands  43  41  38  18  46   a+b+c+d  22  31  36  46 chlorophyll content especially in high concentration AgNPs treatment, and this result could cause an inhibition in photosynthesis. AgNPs could induce oxidative stress and reactive oxygen species (ROS) levels (Nair and Chung, 2014a , 2014b . ROS are known to be highly toxic and cause cell damage, chromosomal aberrations, and micronucleus induction (Patlolla et al., 2012; Pokhrel and Dubey, 2013) . It is also known that the toxicity mechanisms of various nanoparticles are related to the imbalance between the production and the scavenging of ROS in the cellular components of plants (Oukarroum et al., 2013; Yasur and Randi, 2013) . The antioxidant defense mechanism is very important in response to ROS toxicity. SOD is the first line of the defense mechanism and scavenges superoxide radicals (Bowler et al., 1992; Fatima and Ahmad, 2005 ). An increase in SOD activity of L. esculentum was reported in AgNPs treated plants (Song et al., 2013) . In Ricinus communis, AgNPs treatment enhanced SOD activity up to 1.000 mg/L application; however, it was decreased in 2.000 mg/L AgNPs-treated plants (Yasur and Rani, 2013) . Parallel to these studies, high concentration of AgNPs caused a reduction in SOD activity in tomato plants. In the present study, SOD activity also showed a negative correlation with lipid peroxidation rate. Our results indicate that the decline in SOD activity may cause damage to membranes due to increased lipid peroxidation formation in cellular components.
APX and CAT are other key enzymes in the antioxidant mechanism. They are responsible in the conversion of H 2 O 2 into H 2 O and molecular O 2 . In B. juncea, it was reported that APX and CAT activities were increased under high AgNPs concentrations (Sharma et al., 2012) . However, in the present study, APX activity was increased by 10 and 20 mg/L AgNPs but decreased by 40 and 80 mg/L AgNPs applications; this decrease could be due to the toxicity of AgNPs. Allen et al. (1994) demonstrated that APX activity could be enhanced by treating with H 2 O 2 . As in our study, the increase in SOD activity under 10 and 20 mg/L AgNPs treatments could lead to H 2 O 2 generation leading to induced APX activity. Furthermore, the increase in APX activity could help to cope with the cell damage by reducing the H 2 O 2 level. Moreover, in our study CAT activity was decreased under all of the AgNP applications. In a previous study, R. communis plants showed a decrease in CAT activity under low concentration of AgNPs, but an increase was mentioned in high concentration of AgNPs (Yasur and Rani, 2013) . Our results indicate that in S. lycopersicum APX activity could be more effective than CAT in the conversion of H 2 O 2 under low concentration of AgNPs.
According to SOD, APX, and CAT activities, it can be said that S. lycopersicum could be negatively affected especially by 40 and 80 mg/L AgNPs concentrations. In Pelargonium SOD, APX, and CAT activities were mentioned to be increased by dose-dependent application of nanosilver; however, high dose treatment significantly decreased the antioxidant enzyme activities (Hatami and Ghorbanpour, 2014) . In the stress response, GR also has an important role in the ascorbate-glutathione cycle by converting the oxidized glutathione to glutathione. In our study, unlike the other enzyme activities, GR activity was increased under AgNPs applications when compared to control groups. In B. juncea GPX was reported to be enhanced by AgNPs treatments. This increase could be a reason for the role of glutathione in various metabolic pathways.
The decomposition product of the polyunsatured fatty acids, MDA, is produced naturally as a result of lipid peroxidation and is often used as an indicator of oxidative damage at the cellular level (Mittler, 2002) . In the present study, all concentrations of AgNPs caused a significant increase in MDA content as compared to control plants. The increase in MDA content may indicate silver nanotoxicity, especially under high AgNPs treatments. Parallel to our study, AgNPs treatment increased MDA (Nair and Chung, 2014a) in V. radiata; however, no significant change was mentioned upon different concentrations of AgNPs (Nair and Chung, 2015) . Moreover, in our study the increase in antioxidant enzymes seems to be insufficient to overcome nanotoxicity, depending on the concentration of AgNPs. The intersimple sequence repeat (ISSR) technique is very convenient for finding out the mutational effects of heavy metals and other environmental pollutants (Correia et al., 2014; Bajpai et al., 2015) . The ISSR-PCR technique uses generally 16-25 bp long primers for a single PCR reaction showing multiple genomic loci from microsatellites for amplifying primarily the inter-SSR sequences in different size (Bornet and Branchard, 2001) . In our study, we used the ISSR-PCR technique to determine the genotoxicity induced by AgNPs.
Genomic template stability (GTS) is known to be related to DNA damage (Sukumaran and Grant, 2013) . Therefore, it has been used as a parameter for comparison of the genotoxic damage expressed in ISSR and RAPD profiles (Atienzar et al., 1999; Correia et al., 2014) . In our study, GTS was decreased by different concentrations of AgNPs. This decrease might be attributed to increases in oxidative stress depending on the dose application. Previous studies showed that AgNPs have genotoxic effects in plant cells due to the induced oxidative stress or generation of ROS (Kumari et al., 2011) . Panda et al. (2011) also demonstrated that AgNPs induced cell death and DNA damage via generation of ROS. Similarly, our ISSR profile results indicate that AgNPs toxicity is related to the decline in antioxidant capacity and the increase in lipid peroxidation in tomato plants.
In conclusion, in tomato plants, high doses of AgNPs resulted in decreases in antioxidant enzyme activities. Treatment with high-dose AgNPs affects the template activity of DNA, and this impact could be due to damage in DNA. In addition, we suggest ISSR marker as a good tool for detecting the effect of AgNPs on DNA profiles. According to our results, we can conclude that AgNPs could cause toxicity to tomato plants via enhancing DNA damage and lipid peroxidation. Silver nanotoxicity can be positively dose-dependent. In this respect it can be said that tomato plants could be sensitive to AgNPs application. However, further studies should be done to evaluate the effects of AgNPs based on the interaction of nanoparticle size with plant species, and especially the effects of AgNPs on crop plants should be particularly identified. 
